In this study the effects of silica size (or specific surface area), mechanical properties and crosslink density on the wear of silica-filled SBRs (styrene butadiene rubbers) were examined. The modulus of each silica-filled SBR examined was proportional to crosslink density. The wear rate of silicafilled SBRs was reduced as the modulus and crosslink density increased. The wear rates increased as the specific surface area of the silica fill particles decreased, when the content of silane coupling agent was constant. As a result, the wear rate was shown to be lower as the modulus and crosslink density increased.
INTRODUCTION
Silica-filled rubbers are well known for their ability to improve the rolling resistance and wet traction of tires compared with carbon black-filled rubbers. There are several researches relating to the viscoelastic properties [1] [2] [3] [4] . However, there are few reports on the wear of silica-filled rubbers. In this study the effect of silica size (or specific surface area), mechanical properties, and the cross link density on the wear of silica-filled SBRs were examined
EXPERIMENTAL
A rubber wheel (60 mm in diameter and 12 mm thick) was rubbed against a glass plate under dry condition, and the friction and wear depth were simultaneously measured. The spacing of the abrasion patterns on the worn surface was also observed. Experiments were performed at a sliding speed of 10 mm/s, and loads of 14.7N and 24.5N. The SBR specimens were filled with various sizes (BET specific surface area 115 m 2 /g to 195 m 2 /g) of silica at 50 phr (parts per hundred rubber) together with the coupling agent, (bis-(3-triethoxysilylpropyl)-tetrasulfide) 4 phr. The modulus and crosslink density of the silica-filled SBR specimens tended to increase with decreasing specific surface area except for the SBR specimen filled with silica of 115 m 2 /g. The modulus of SBR specimens also tended to be proportional to their crosslink density.
RESULTS AND DISCUSSION
Variation of the wear rate with BET specific surface area Figure 1 shows variations of the coefficient of friction, the linear rate of wear and the spacing of abrasion patterns with BET-specific surface area of the silica fill. The minimum wear rate was observed for the specimen with silica fill of specific surface area 135 m 2 /g. The wear rate of the SBR specimens increased as the specific surface area of the silica fill increased, with the exception for the 115 m 2 /g silica. The wear rate for the specimen filled with silica of 115 m 2 /g was much higher than that for the specimen filled with 135 m 2 /g silica. These results suggest that there may be an optimum silica surface for minimizing wear rate. At the same time, the modulus and crosslink density of SBR specimens tended to decrease with increasing surface area of silica. The spacing of abrasion patterns on the worn surface tended to increase with increment of wear rate. The coefficient of friction decreased with increases in the spacing of abrasion patterns. 
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Variations of the wear rate with modulus and crosslink density
The coefficient of friction, linear rate of wear and spacing of abrasion patterns are also plotted against the 300% modulus of the SBR specimens (Fig. 2) . The wear rates tend to decrease with increasing modulus. Therefore, the wear rates of the silica-filled SBRs were mainly dependent on the modulus of the silica-filled SBRs, as reported by the previous work on the carbon black-filled rubbers [5] . As the modulus for the specimen is proportional to the crosslink density, the wear rate also decreased with increasing crosslink density. In the experiments, the wear rates tended to increase when the specific surface area of silica fill was larger than 135 m 2 /g. The effect of specific surface area of the silica fill on the wear of rubber was different from that of carbon black fill [6] . Therefore, the minimum wear rate seems to be realized when the optimum amount of coupling agent is add into the silicafilled SBRs.
CONCLUSION
The effect of silica size (or specific surface area), mechanical properties and crosslink density on the wear of silica-filled SBRs were examined.
The modulus of the silica-filled SBR examined was proportional to the crosslink density. Of the specimens examined, the wear rates decreased with increasing modulus and crosslink density. Given a fixed amount of coupling agent added to the silica-filled SBR specimens, the wear rates increased as specific surface area increased, for values above 135 m 2 /g. 300%Modulus E (MPa) Fig. 2 The coefficients of friction , linear rate of wear and spacing of abrasion patterns for the silica-filled SBRs (BET specific surface area 115m 2 /g to 195m 2 /g) plotted against the 300% modulus.
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